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Preparation and characterization of T;-T, dual-mode magnetic resonance contrast agent
Su Wei, Fang Xiangming”
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[Abstract] Objective:In order to improve the sensitivity and specificity of magnetic resonance contrast agent (MRCA) in the diag-
nosis of lesion site, and to overcome the limitations of single positive(T)) contrast agent and negative(T,) contrast agent as well as
achieve the accurate diagnosis of diseases, a Fe;0,-BSA® nanoparticle contrast agent was prepared for simultaneous T)-T, dual-mode
magnetic resonance imaging. The imaging performance and biocompatibility were evaluated. Methods:The superparamagnetic Fe;0,
nanoparticles with an oil-soluble particle size about 6 nm were prepared by the high temperature pyrolysis method, and the paramag-
netic bovine serum albumin-gadolinium complex(BSA®) was modified on the surface by phacoemulsification, while giving paramagnet-
ic Fe;04 nanoparticles, water solubility and good biocompatibility. Finally, the morphology, hydrated diametar (HD), saturation magne-
tization, relaxation efficiency (r), in vitro T, and T, weighted imaging and cytotoxicity were characterized. Results:The Fe;0,-BSA%
nanoparticles had a diameter of 10 nm and HD of about 32 nm, and the dispersion was uniform and stable. Fe;0,-BSA® had a satura-
tion magnetization of 30.2 emu/g. Longitudinal (r)) and transverse (r,) relaxation rates were 6.30 mM™s™ and 287.08 mM™'s™, respec-
tively. In vitro dual-mode imaging results showed a significant T\-T, imaging effect and a concentration-dependent effect. The results
of cytotoxicity test showed that the Fe;0,-BSA® had a better biocompatibility. Conclusion:The effect of in vitro T, and T, weighted
imaging of prepared Fe;0,-BSA™ nanoparticles was excellent with a good biocompatibility, which lays the foundation for the next step
in vivo imaging.
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MBI R 1,2+ 73 ke B R b |
Tk, O = T ORI (diethylenetriaminepen-
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Aldrich 22 7], 36 [ ), BT AL EL S K G
(Alfa Aesar 2], 36 ), oK L1 BRI 2 4H AR
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HR A AR G SCRR MY, SR e I AR S BT T A
Fe;Ou ZETE MESRARPT T |, 1) = U A 2 mmol
SRS (0.71 g) .10 mmol 1,2—F /N e dk
(0.26 g) .6 mmol JHi iz (1.69 g) .6 mmol % (1.61 g)
K20 mL R EE BEIRAEES A BIR A WOE
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FG ARSI 1 h B2 HRIR 1 SNV TR SR 2
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JR T =AW T 15 FesOu 2 KK T
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T O = R TR B (DTPAA,200 mg) , —
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AR RN 2 h P ERRR IR i pH e R P Y
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FRIC 8 mg BSA™ T h, FFAMA 2 mL
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WL FesO, 5 50 H Be 1R A5 W02 0 1 A\ B B0
210 min A8 75 J5 6 BT AR 0 FLBCIR IR B 1T B 7%
Ab B i J N A VO o S O R T IR A BT
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B RS /N TR Rl 1o 33 B F 7 2 3B (transmission
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electron microscopy , TEM) WL %< | 5% B 1 Fe;0, &
Fe;0,-BSA™ 5 £ 75 7p B 21 05, 430 52 20 pl
1571 A8 38 TG T i B AR W 3R, TR R A
PR RE KT 5 I, 58 TEM HLE R 200 kV,

KA Hi42E (hydrated diameter, HD ) il . 3 52 8))
A HCST R B R EE AL (dynamic light scattering,
DLS )5 % T 15 Fey0,-BSA® 44 K ki 1) HD, HX
1 mL Fes0,-BSA™ K SR, 4 /-89 515 A
AP 7E 25 CA&AF TR 3 B,

Y% 3l #% 5 iF (vibrating sample magnetometer,
VSM ) I3t 4R 04 i 0 5t 30 2 i 6 1 490 DK 1
1) 1 FH R A5 B, B i LA TR W Y FesO, K
Fe;0,-BSA® FE &, Jim A 4t fise 48 Py, 00 3 7 5 4%
300 K, #E{ BE BE7E-8 T 2 8 T, 43 jilill & 2 Fh
HE il P Ry [ 2%

it ¥ 34 % (relaxation efficiency,r)Il & & &4 MR
T 5 50 SR A . Fes0,-BSAS 44 K k7 14 3t 72 1sf 1] Bz
HAR SN A BE O B9 7E 0.55 T MicroMR-25 /)N i 3t
P ARA AR, T SE H R A A R R
R IE I (ICP-AES) HEGH I H Fey0,-BSAS 44 K 5
B Fel Uk B, B S B E S AN R Fed ik B
Fe;0,-BSA FE i, J 591l I st L2 [ K Ak ) st 7% i)
(BI T, K Ty) , f5 Ja R T 45 it 12 e ) RS 43 (s71) , O
5 Fel ¥k B (mmol/L) # 17 & MHH &, 5 3
Fe;0,-BSA™ G4 K UKL At B it £k, AL B R 1)
(ry) PV 7] S TR 38 (1) o B AN ) Fe ik B2 A i S
4l 7K R[] B T8 A N B iR AR AR B Y DA
SR AE X IR 2 BIAE T, IACHT T, AT 51 F Xk
AT AR R, BRSECE T LT, F 4 . TR/
TE=40 ms/5.885 ms, i [ K H£=256x192 ,NS=4, Field
of view(FOV)=100 mmx100 mm, )& 10 mm, T, ¥
41 TR/TE=1 500 ms/30 ms, % 4 K ££=256x192 ,NS=
4 FOV=100 mmx100 mm,/Z& 10 mm,
1.2.5 a3

f# F CCK-8 ¥ %t Fes0,-BSA 1) 21 g 5 7k k47
VAL, B SM A M R TS 10 % iR A I TE
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FRAR it R A P T B AT AN TR B EE (DL Fe™
WERE N FEUE) 1Y) FeyO,-BSA® B S I AKI R FL Y, 4
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G2 BE R 100% , THEAT 55 20 4 M ) A7 05 2%, 4H i
FEWE R (%)= (N [) VR J3E 15 52 790 20 400 P WO O 5 {28
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LG A )x100%

2 7 R

Fei0,-BSA™ 24 K Bk 69 T A 4542 FAE
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A (A, RIS FLAk B s T Fes0, 22
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TEM images of oil soluble Fe;O,(A) and water
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Figure 2 Size distribution of Fe;0,-BSA® in water
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fit 1 0.55 T MR & #5 7 37 C &+ T il &
Fe;0,-BSA™ H 7K (8 1) B Ak 1] 5t B 80% () M ry) o 58
¥ Fe;0,-BSA™ it B 1% 0.091.0.136.0273.0410 mmol/L.
G — RYUANE Fe Ve B, A T, 5 T,
{8, SRJ5 DL 1T R NA bR, Fed ik B S ol AR AR AR, 2k
PERIA B RIRI A S MR (n 5
). FesO-BSAY 1) v, 5 v, (H43 14 630 mM™s™ il
287.08 mM s (&l 4), KIF] Fe # LAY Fes0,-BSA™ %
W e (K 5), 78 0.410 mmol/L Fe* ¥k Ji
LT, B Ty AR RCR I, BEFE 0.091 mmol/L
AR BT, il 5 AR A AR H 4l K 1 1 52 A5CSR B
i IR, A5 BT Fe ke AR, BIVIE 25 1
ST Fe e BE M3a N, T, K T, AR SR B A &
2.5 et Rk

TE Fe e 73 50 547 1094 21.88 43.77 mol/L,
T, TS UM 2 5 58 91% .86% 84%
1 82%, RPfdi7E 4k B T ¥k i 35 5] 87.54 wmol/L i,
Ui M A7 15 SR A TE 80% L I (K 6), L EW T
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PP 1 A

A 0] y=6.3x+03877 B 120 y=287.08+0.408 4
| R=0.998
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Longitudinal relaxation rates (1/T1) (A) and
transverse relaxation rates (1/T2) (B) of Fe;O,-

BSA% in aqueous solution (37 °C)
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Figure 5 T,-weighted images and T,-weighted images with
the pseudo-color-mapped MR images of Fe;O,
BSA% with different Fe* concentrations
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